(From the Nuffield Department of Clinical Medicine, University of Oxford)
Carbon tetrachloride is a non-inflammable, cheap and easily available fat solvent. The majority of cases of poisoning reporiedL have been isolated incidents, following temporary exposure to high concentrations of the vapour or oral administration of liquid carbon tetrachloride in the treatment of disease. In such cases death may result from narcosis, hepatic necrosis or acute nephritis but if the victim survives, little or no permanent damage ensues. There has been little reason to suppose that workers in contact with carbon tetrachloride suffer any deterioration in general health, so long as precautions to prevent heavy exposure have been taken in designing the plant. This opinion appeared to be confirmed by the investigations of Smyth and Smyth (1936) among workers employed in thirtysix factories using carbon tetrachloride. They made a careful analysis of air concentrations of the solvent and carried out a series of blood counts, and liver and kidney function tests, on ninety-six workers who had been employed over several years. They concluded that their tests showed that no one could be considered seriously or even unmistakably injured by the solvent vapours.
It was therefore a matter of considerable interest when we were asked to carry out an investigation in a chemical factory where large numbers of workers were said to be suffering from chronic carbon tetrachloride poisoning. Although only 75 people were working at any one time in contact with carbon tetrachloride, 122 certificates for compensation had been issued over a period of two-and-a-half years and more than 80 people had been discharged because of symptoms attributed to carbon tetrachloride. The work was acquiring an evil reputation in the district and it was becoming increasingly difficult to obtain labour to replace the losses. In addition the management was perturbed by failure to maintain a satisfactory rate of production. In work of this kind efficiency can be measured by the ratio between output and input of chemicals. In a new process it is customary for the ratio to rise sharply at first as the technique is mastered, and thereafter to maintain a slight upward trend. In this particular process the numerical value for efficiency had actually declined. This was attributed to the failure of shift managers and key personnel to maintain enthusiasm or even carry on at all after six to eighteen months in contact with carbon tetrachloride.
Details of Investigation
The process consisted in the chlorination of an aniline derivative in solution in carbon tetrachloride. The factory had been planned for continuous work under conditions of war, and more attention had been paid to the strength of the walls and the completeness of the black-out than to the state of the atmosphere. Apart from the difficulty of general ventilation, high concentrations of carbon tetrachloride were liable to occur from spills of material and from leaks in the piping system which connected the separate containers or conveyed the mother liquor from the sump tank back to the still house. Such leaks were inevitable owing to corrosion of pipes by traces of hydrochloric acid and the solvent action of carbon tetrachloride on the washers of joints and pumps. The chlorinated compound was eventually separated from the carbon tetrachloride by centrifuging and vacuum drying and during these processes an ill-fitting lid or an inefficient draught was enough to contaminate the atmosphere heavily. No useful figures can be given for the air concentrations of carbon tetrachloride. Although the chemists used the Halide Detector Lamp over a period of three months, it did not work satisfactorily and if a serious leak occurred, no one was free to take a reading. At first it was thought that the high morbidity rate might be due to some other chemical used in the process. But an analysis of the air concentration of the various substances and a comparison with other processes in the factory, where they were used without carbon tetrachloride, indicated that carbon tetrachloride was the offending agent. This conclusion was supported by the fact that the symptoms were similar to those described in the literature in mild forms of carbon tetrachloride poisoningand they were different from the known effects of the other chemicals.
Approximately 25 workers per shift were engaged on the plant and work was continued throughout the 24 hours on a three-shift basis, so that about 75 people were involved each day. Workers were often transferred to other parts of the factory so that the total number of people who had been exposed exceeded this figure. During the investi-BRITISH JOURNAL OF INDUSTRIAL MEDICINE gation we succeeded in interviewing and examining 78 of the factory employees: 51 of these were working on the carbon tetrachloride plant at the time of the examination and 27 were engaged on other processes but had been exposed previously. As many as possible of those examined were persuaded to have venepuncture and special investigations such as test meal, barium meal, gastroscopy and a detailed examination of the eyes by an ophthalmologist. The tests made on the sample of venous blood included a full blood count, erythrocyte sedimentation rate, blood urea, serum bilirubin and phosphatase, plasma proteins and the Takata-ara test for liver efficiency. Technical methods are described in a previous paper (Higgins, O'Brien, Stewart and Witts, 1943) .
Another effect of exposure that had attracted the attention of the factory surgeon was a remarkable gain in weight in the women as soon as they began to work in the plant. When we came to examine the cases we found several instances of a gain of over two stone in a few months. This effect was most common in the women but was also found in a smaller number of the men.
Gastro-Intestinal Effects
The severity of the gastro-intestinal symptoms varied from a mild queasiness to violent and repeated attacks of nausea, vomiting, colic and diarrhoea. The more severe symptoms always followed a particularly heavy exposure such as might occur while attending to a big leak or spill. It was there- Group I were employed on the carbon tetrachloride plant at the time of examination. Those in Group It had been previously exposed but were now employed elsewhere in the factory.
Apart from one case of acute rheumatism, with aortic and mitral disease, two cases of essential hypertension, four cases of chronic bronchitis and emphysema, together with a fairly high incidence of minor defects such as gingivitis, dental caries, chloracne and folliculitis, clinical examination of the workers was essentially negative. It was a striking thing that despite the severity and duration of their symptoms the subjects had the appearance of good health. Their appearance almost belied their story. However, a typical history of symptoms resulting from exposure to carbon tetrachloride was obtained in every instance except one. The exception was a woman who had only recently been recruited to the work and had as yet experienced no ill effects. As the histories were related it soon became clear that there were two sharply differentiated sets of symptoms, one which indicated a gastro-intestinal disorder, and the other a cerebral disturbance. The fore characteristic for the symptoms to be recurrent rather than steadily progressive, though it was common for subjects to find that, whereas in the early weeks or months of exposure they felt well between the severe -bouts, sooner or later they developed residual effects such as persistent nausea, alterations of appetite with a perverted sense of taste and smell, and a vague fullness in the epigastrium or duLll ache in the lower part of the abdomen.
Gradually they acquired such a distaste for the smell of carbon tetrachloride that they experienced attacks of vomiting in circumstances which had previously had no effect. In some cases sensitivity was heightened to an amazing degree. The next commonest effect was a loss of mental agility which showed itself in inability to tackle more than one problem at a time and impatience with anything which demanded spontaneous enthusiasm. As might be expected, the mental hebetude which occurred as a result of exposure was more clearly described by the plant chemists and skilled workers than by the process hands. More than one plant chemist had noticed a time lag between thought and decision, and there was a tendency to loss of memory for recent events. Depression and irritability had often been remarked by the subjects. Blood picture in chronic carbon tetrachloride intoxication. In this and subsequent tables the statistical averages are given ± the standard error of the mean. Total fats, fatty acids and cholesterol in the plasma of carbon tetrachloride workers. had some abdominal pain at the time of the examination and two had had a severe attack of vomiting a few weeks previously. The changes observed Linder the screen were similar in all the subjects examined. They were present even when there had not been any recent exposure, though the changes were then less marked. The abnormal features have been listed in Table 6 . They consisted of a characteristic change in the motility and appearance of the stomach and intestines, which suggested an unusual state of irritability and was shown chiefly by spasm of various parts of the gut and a rapid passage of the meal during the first six hours.
In all cases the stomach was of good tone and in three it was noticeably irregular in the prepyloric area. Four of these cases were examined with the gastroscope and this examination failed to reveal any evidence of ulceration which might have accounted for the appearance under the screen. Generally the mucosal folds were normal but in 7 cases they were less plastic than usual and the rugae appeared unduly prominent. In one of these the whole stomach seemed stiffened as though it had been infiltrated by some process that was impairing its normal elasticity. This appearance of thickening and irregularity of the wall with visible mucosal pockets was similar to that described with localized areas of chronic gastritis, but here again gastroscopy failed to reveal any abnormal surface changes.
The duodenal bulb was frequently abnormal. In no less than ten cases it was described as spastic and in six instances it was so exceptionally small that it gave the appearance of being in permanent tonic contraction. In addition, the mucosal folds of the bulb and the duodenal loop were often thicker and more rigid than usual. In spite of these appearances there was only one definite duodenal ulcer. This was seen as a small niche in the centre of the posterior wall.
Changes in the small bowel were present in nearly every case, for even where there was no irregularity or spasticity of the coils, there was hypermotility.
In several cases the head of the meal was in the ascending colon at the end of one hour and in two cases it had reached the hepatic flexure. The changes in the mucosal pattern were not necessarily present throughout the whole of the small bowel. In some cases they were most marked in the duodenum and diminished in intensity towards the proximal coils of the jejunum. In others they were most severe in the terminal ileum.
Hypermotility was continued through the large intestine and in several instances the head of the meal had reached either the sigmoid colon or rectum at the end of six hours. Spasm of the colon was a conspicuous feature in all the cases in Group I but was absent in five of the six cases in Group II and in two of these cases the meal had only reached the hepatic flexure at the end of six hours. The gastric stimulant was a pint of unsalted gruel and the secretion was followed for two-and-a-half hours. Judged by the standards of Bennet and Ryle (1921) hyperchlorhydria was present in 11 cases and hypochlorhydria in 3 cases. An excess of mucus was found in 3 cases. The most severe hyperchlorhydria was found in a man who had had a heavy exposure with severe nausea and vomiting five days before. Other examples of hyperchlorhydria were also associated with recent exposure. The group was comparatively small but it is striking that more than 50 per cent. showed excessive secretion of acid, in contrast to the 10 per cent. that might be expected, especially as many of them were middle-aged and elderly people. All the subjects with marked hyperchlorhydria showed considerable radiological changes, but these were also found in the presence of hypochlorhydria.
Gastroscopic Examination Gastroscopy was carried out on sixteen workers, all of whom had also had a barium meal and follow-through examination. The examination was made with the Hermon Taylor gastroscope except in one man who had a slight scoliosis which necessitated using the Schindler gastroscope.
In nine cases there were well-marked disturbances of the musculature. The stomach was very tonic and did not allow easy inflation. The entrance to the antrum had a mouth-like appearance with the mucous membrane thrown into folds at its edge. It relaxed very slowly after inflation, and sometimes not at all. In two cases the mucous membrane of the antrum lay in longitudinal folds. Peristalsis was seen in half the cases, but in one the waves moved very slowly and passed only half-way up to the pylorus. Multiple rings of spasm were sometimes seen in the body of the stomach. The final impression was that the stomach was tonically contracted and unduly liable to intense and prolonged spasm.
In eleven cases, five of which had shown disturbances in tone, the mucous membrane was normal. In five the membrane was hyperaemic with a slight excess of high lights suggesting oversecretion or oedema. In eight cases there was a variable amount of exudate in the body of the stomach. This exudate was usually of the light frothy type, but in one case with a hyperaemic mucosa thick adherent mucus was seen in the antrum and lower part of the stomach, and cloudy bile-stained mucus was seen pouring back through the pylorus, carrying with it lumps of thicker yellowwhite mucopus. X-ray examination had revealed considerable irregularity of the mucosal pattern in the duodenum. In one other case, though the mucosa was normal in appearance, a small amount of mucopurulent exudate was seen in the region of the angulus. The largest amount of the white frothy exudate was seen in an individual who had had an attack of nausea and vomiting a few days previously and still had slight abdominal pain. Here the mucosa was normal but the angulus and sphincter muscle of the antrum were in intense spasm and the mucous membrane round it was thrown up into longitudinal folds.
The mucosal changes varied in type, occurred only in a minority, and with one exception were never severe. They represent minor degrees of gastritis and neither in incidence or severity are they more than might have been expected in any group of men or women of this age and class. On the other hand, the gastroscopic findings which have reference to the muscular wall of the stomach were all of the same type and occurred in over half the cases. They constitute the positive result of the gastroscopic investigations and are unusual findings. They support the conclusion that the gastric symptoms are the direct result of a motor disturbance, which may occur without any recognizable gastritis. The discovery of mucopurulent exudate in one case raises the suspicion that where disturbances in tone and secretion are continued for long periods they may eventually exert an irritant effect on the gastric mucosa. found to have a large liver. In addition 86 individuals had been discharged for gastro-intestinal symptoms ascribed to carbon tetrachloride. The names and addresses of these individuals were obtained and an attempt was made to get in touch with as many as possible. In the end we succeeded in tracing three of the cases of albuminuria (two had left the district), the case of acute pancreatitis and the case of hepatomegaly, and they all attended for medical examination. In addition 54 houses were visited and 30 of the individuals discharged for sickness were seen in person by the health visitors. A specimen of urine was obtained from each. Six houses were empty and no further information was forthcoming. In 18 cases, though the individual was out at the time of the visit, it was ascertained from a neighbour or relative that he was either working full time or had joined the forces. No case of albuminuria was found amongst the 30 cases successfully visited and only six were not back at full-time work.
Two of these ascribed their ill-health to carbon tetrachloride sickness and were seen by the doctor. One had only left two weeks previously after a severe bout of vomiting and was already recovering and about to resume work, the other had had intense diarrhoea and had left the work six weeks previously. The diarrhoea had persisted for 4 weeks, and in addition he had lost 3 stones in weight and was extremely weak and breathless. He attended for a full examination including blood tests, barium meal and test meal. An x-ray film of the chest showed an extreme degree of emphysema and he was not considered a fit subject for gastroscopy.
Of the 4 remaining cases off work for reasons of health one was pregnant, two were over 60 years and had bronchitis and emphysema, and one was recovering from a recent attack of pneumonia.
The majority of the people interviewed had had gastro-intestinal symptoms for a variable length of time after leaving the factory. The chief complaint was nausea with disturbance of appetite and an intense dislike of any smell that reminded them of the chemical works. These symptoms had eventually passed off, and apart from the two cases mentioned above and one other individual who said that he had been more chesty since his discharge, no one thought he had suffered any permanent illeffects. Almost all had returned to full-time work in such strenuous occupations as coal-mining, munitions and aircraft work, a short time after their discharge and had remained in full working capacity. The average time interval since discharge was 10±7 months.
The three cases of albuminuria were identical in that the urine had originally been free of albumin and its presence had been discovered at the routine medical inspections which were held at the factory each month. Though the subjects had experienced gastro-intestinal effects similar to those described in the group as a whole, there had been no other subjective evidence of ill-health. (Wirtschafter, 1933) . Elkins (1942) It is therefore suggested that niental hebetude is due to the effect of carbon tetrachloride on the cerebral cortex, and the gastro-intestinal symptoms are due to stimulation of the parasympathetic or inhibition of the sympathetic centres in the hypothalamus. Both effects can be paralleled by the known actions of chloroform. The fact that they are not due to hepatic or renal disease does not mean that we can afford to overlook their unpleasant nature and significance. The difference between the concentration of carbon tetrachloride which affects the central nervous system and that which affects the liver and kidneys does not seem to be large. If working conditions are such as to give rise to symptoms of chronic intoxication, the danger of acute lethal effects must be present. For this reason we hesitate to suggest any therapeutic indications for the treatment of chronic carbon tetrachloride poisoning. It is, in fact, the very occurrence and unpleasantness of the symptoms which has made carbon tetrachloride a relatively safe solvent, and to palliate them might be as harmful as taking the smell out of domestic coal-gas.
